but, since v <^ c, we may put /' = / and so curl E' = -Iff {It (66) (67) This is not the same as eqn. 65, and so E and B in eqn. 66 cannot be the field measures as observed in S". Presumably they are those observed in S.
Consider the meaning of the 'chain rule'. If iBfdt is the time rate of change, in S, of B at a point fixed in S, and dB\dt is the time rate of change of the same field measure B at a point fixed in the moving system S', but as calculated in the system S,
bBI~bt = dB\dt -(v . A)B
Putting B = B' and / = /',
the time rate of change, in S', of B' at a point fixed in S', and hence, from eqn. 68,
Using this in eqn. 65
where E is an S-measure and B' an S'-measure. The expression is clearly incorrect, being neither eqn. 64 nor eqn. 66. There is a confusion of reference systems. Consider eqn. 41:
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Since div (B X v) = fx o v . J and fx 0 pot / = AIT A (eqn. 24) the last term of eqn. 72 equals -grad (v . A) .
Also
and so eqn. 72 becomes
Again, this is supposed to apply in the new reference frame S', and the same confusion of reference frames exists. In the reference system S, as a general law,
which transforms to the same form in S':
as required by the principle of relativity. 
but, even so, by no endeavour can eqns. 75 and 76 be made, correctly, to produce eqn. 74. The latter, since it is derived from eqn. 65, confuses the two reference systems. Further, the author is mistaken when he says that the field of the apparent charge distribution on a moving current circuit (whose scalar potential is given by v . A) is 'usually considered negligible'. It may, by error, be usually neglected, but that is a different matter. It is in fact the polar component of the motional electric field induced by a moving constantcurrent circuit or magnet, a field of some practical importance:
17th February 1964 Department of Electrical Engineering University of St. Andrews E. G. CULLWICK Eqn. 65 is intended to relate the electric field, seen by an observer with velocity v relative to system S (i.e. who is static in 5" in Prof. Cullwick's notation), to quantities measured by an observer static in S. But this electric field is E' (again in Prof. Cullwick's notation), and so eqn. 65 may be rewritten
The notation of eqn. 79 is preferable to that of eqn. 65 because the two reference frames are clearly implied. Nevertheless, the Lorentz force law is sometimes quoted as
without any written indication that E belongs to a different reference frame from all other quantities. In this instance, however, the lack of a proper notation has tended to conceal an assumption in the subsequent manipulation of eqn. 65 that Prof. Cullwick shows is wrong. The t e r m^is the rate of change of x-ordinate (in S) of a point fixed in S'; i.e. it is the x-component of velocity v. Similar reasoning applies to ^T it B -B' and t = t' for v <^ c, and so the expansion can be simplified and substituted in eqn. 66 to give
which is eqn. 79. Following the same procedure as in the paper, eqn. 79 may be rewritten~b
Operating throughout by 1/4TT pot curl and applying the routine transformation (eqn. 11),
div A = 0, the first term of the right-hand side may be rewritten -grad <^', and the last term is equivalent to -grad (v . A); and so
The intended meaning of E in eqn. 72 is the same as that of E' in eqn. 80, but the equations have one important difference, in the first term of the right-hand side. Substituting for <j>' s from eqn. 76a, and making therein the firstorder approximation A' = A,
and so liA E' = -grad S. -^r B X v T lit which is the correct form of the Lorentz law.
Eqn. 72 was obtained by assuming
and eqn. 76a shows this to be wrong. Why does the scalar electric potential differ in the two reference frames, i.e. why does eqn. 76a apply rather than eqn. 82? It is not intuitively obvious, nor can it be proved from Maxwell's equations without assuming eqn. 81 correct. If I understand Prof. Cullwick correctly, he has said A this, and that an assumption of relativistic kinematics is required.
Eqn. 766 is more readily understandable, in that the reason for the difference in vector potential between the two reference frames is clear on nonrelativistic grounds. The static charge distribution in 5" is moving with respect to S, and it therefore constitutes a difference component of currentdensity field between the frames. The difference in vector potential between the two frames is the counterpart of this component, to a first-order approximation.
Eqns The term -1/4TT pot grad div {B x v) that is discussed in the paper is thus not a correction term to the Lorentz force law, as eqn. 72 suggests, but is nevertheless represented in the Lorentz law, by the lamellar (or polar) component of the motional field. This can be seen from eqn. 11, which shows the separation of any vector field into its solenoidal and lamellar components, i.e.
B x v = -pot curl curl (B x v)
4TT ---pot grad div {B x v)
47T
This matter does not question the validity of pot algebra, but is concerned rather with the accuracy of its application.
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